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Abstract: Background: The long-term effects of mild Traumatic Brain Injury (TBI) in children and
adolescents are increasingly discussed due to their potential impact on psycho-social development
and education. This study aims to evaluate post-hospital care of children and adolescents after mild
TBI using a physician survey. Methods: A self-developed, pre-tested questionnaire on diagnostics
and treatment of TBI in outpatient care was sent to a representative sample of general practitioners
and pediatricians in Germany. Results: Datasets from 699 general practitioners, 334 pediatricians
and 24 neuropediatricians were available and included in the analysis. Nearly half of the general
practitioners and most pediatricians say they treat at least one acute pediatric TBI per year. How-
ever, a substantive proportion of general practitioners are not familiar with scales assessing TBI
severity and have difficulties assessing the symptoms correctly. Pediatricians seem to have better
knowledge than general practitioners when it comes to treatment and outpatient care of TBI. Con-
clusions: To increase knowledge about TBI in outpatient physicians, targeted training courses
should be offered, especially for general practitioners. Moreover, handing out written information
about long-term effects and reintegration after TBI should be encouraged in outpatient practice.

Keywords: traumatic brain injury; long-term effects; pediatrics; physician survey; post-hospital
care; evaluation

1. Introduction

Traumatic Brain Injury (TBI) is one of the main causes for hospital admissions and
deaths caused by accidents in children and adolescents in Germany. While the overall
incidence is estimated at 332/100.000, TBIs are assumed to be more frequent in minors
with 581/100.000 [1]. Nonetheless, 95% of TBIs in hospitalized patients are classified as
mild [2-4].

Delayed or long-term effects resulting from mild TBI are discussed increasingly [4,5].
Dependent on diagnostics and population, it was estimated that 11 to 82% of patients
showed symptoms that persisted longer than one month after trauma [6]. Sleep disturb-
ances and fatigue [7], anxiety disorders and depression [8], ADHD [8,9] and cognitive
impairment [9] are the most frequently described late effects of mild and moderate TBI.
Further possible late effects are posttraumatic epilepsy [10], neuro-endocrinological dis-
orders [11], posttraumatic stress disorders [8,9,12], impaired health-related quality of life
[13], as well as implications on academic performance [9,14]. Due to mostly subtle initial
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symptoms, mild TBIs bear the risk that long-term effects remain undetected [8,9]. A large
cohort study indicates that mild pediatric TBIs are associated with an increased probabil-
ity of psychological disorders, lower educational level, and occupational disability in
adulthood [14,15].

After hospital discharge with persisting symptoms after mild TBI, most German par-
ents consult pediatricians or general practitioners [15]. Especially in rural areas, medical
care of children and adolescents often takes place in general practice so that general prac-
titioners should be prepared for acute pediatric TBI and possible long-term effects [16].
Therefore, outpatient care by pediatricians and general practitioners is of special im-
portance for early detection of possible long-term effects after mild TBI. Post-hospital care
and management of long-term effects in Germany have not been subjects of evaluation
yet. The same applies to adherence to international guidelines with regard to reintegration
and rehabilitation after TBI.

This study aims to evaluate outpatient care of children, adolescents and young adults
who suffered a mild TBI by conducting a nationwide postal survey targeting self-reported
expertise as well as knowledge of recent recommendations. Further topics of investigation
are differences between general practitioners, pediatricians and neuropediatricians in self-
reported expertise and knowledge as well as the association of self-reported expertise and
knowledge.

2. Materials and Methods

In order to obtain a representative dataset, random samples of general practitioners
and pediatricians were drawn from all registered physicians in Germany. In addition, all
neuropediatricians in a managing role in sociopediatric centers were selected as they func-
tion as specialized therapists for TBI aftercare.

Questionnaires were sent by mail with the request to send back the completed form
using the enclosed envelope. Four weeks after dispatch, 10% of the initially contacted phy-
sicians received a reminder via email. Data collection took place from May to December
2021 and was conducted anonymously. The study was reviewed by the regional ethics
committee and registered in the German register of clinical studies (Deutsches Register
Klinischer Studien DRKS).

2.1. Study Design

The questionnaire was sent out to 22% of the population of general practitioners and
pediatricians, respectively, which resulted in 7699 contacted general practitioners and
1549 contacted pediatricians. The random sample was drawn clustered by federal states
to ensure representativeness across the whole territory of Germany. Additionally, 154
neuropediatricians in managing roles in sociopediatric centers were all contacted. Selec-
tion of participants was conducted via online accessible databases of the Association of
Statutory Health Insurance Physicians (Kassenédrztliche Vereinigungen).

2.2. Questionnaire

The questionnaire consists of 54 items and was tested and optimized with a sample
of the target population in a pilot study. The final version includes 54 items (Appendix
A). The first five items represent the sample description (age, gender, medical specialty,
duration and area of occupation) followed by items regarding the number of TBI patients
per year, ways of referral, professional networks, attendance of trainings, knowledge of
scales for assessing the severity of TBI and knowledge of guidelines. Furthermore, self-
reported frequency of various diagnostic and awareness-raising measures were assessed.
Symptoms of acute TBI and long-term effects have to be categorized as typical vs. untyp-
ical. Furthermore, 11 statements regarding pathogenesis, diagnostics, and aftercare of TBI
had to be assessed for correctness.
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2.3. Statistical Analysis

Questionnaires that were missing a specification of medical specialty were excluded
because all analyses were conducted separated by specialty. Items surveying knowledge
were summed up by counting correct answers. All answers to self-reported competence
were assigned values from one to four with higher values indicating greater agreement.
Only fully completed sets of items were included in sum score analyses.

Descriptive data were analyzed using mean and standard deviation in case of normal
data and relative frequencies for categorical data. Subgroup analysis was carried out using
Kruskal-Wallis-tests with Bonferroni adjusted Dunn tests for multiple post hoc compari-
sons. Correlations were assessed by Spearman’s Rho. The significance level for all tests
was set at 5%.

3. Results

The overall response rate was 12% (general practitioners 9%, pediatricians 22% and
neuropediatricians 16%) with 1139 returned questionnaires. After exclusion of question-
naires according to the above-stated exclusion criteria, a final database of 1057 cases was
set up with n = 699 general practitioners, n = 334 pediatricians and n = 24 neuropediatri-
cians.

3.1. Sample Description

About half of the respondents were female (51%) and most were 45-65 years old
(67%). The majority stated that they had worked for at least 15 years in their respective
specialty (62%). A total of 20% of the respondents were established in a rural region, 22%
in a small town, 27% in a middle-size town and 28% in a city. However, more general
practitioners worked in rural regions (28%) in contrast to only 5% of pediatricians and
neuropediatricians. Gender, age and duration of occupation were evenly distributed
among specialties.

3.2. Self-Assessment
3.2.1. Number of TBI Patients

During the last 12 months, approximately half of the general practitioners (53%) saw
at least one child or adolescent with acute TBI in their practice and 52% stated the same
for after-care treatment. Almost all pediatricians (93%) saw at least one acute pediatric TBI
and 76% said they provided after care in the past 12 months. Neuropediatricians treated
acute pediatric TBI in the last 12 months in 63% of cases and after care in 100%. Patient
numbers are listed in detail in Table 1.

Table 1. Numbers of Patients with acute TBI per year among the different specialties.

Gen. ... Neuro- After Gen. ... Neuro-
Acute TBI Practitioner Pediatrician Pediatrician Care Practitioner Pediatrician Pediatrician
/Year /Year
0 46% 5% 29% 0 53% 22% 0%
1-5 41% 17% 21% 1-5 38% 39% 38%
6-10 7% 13% 8% 6-10 4% 11% 25%
11-15 3% 11% 13% 11-15 3% 8% 13%
16-20 2% 18% 13% 16-20 2% 7% 13%
21-50 0,3% 22% 8% 21-50 1% 8% 13%
>50 0% 11% 4% > 50 0% 4% 0%

3.2.2. Referral and First Presentation

Patients were most frequently referred from surgeons to general practitioners as well
as pediatricians (s. Table 2) while neuropediatricians stated referrals from pediatricians
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most frequently. However, many patients presented themselves without referral which
was mostly initiated by their parents.

Table 2. Distribution of referrals and presenters of patients with acute TBI among the different spe-

cialties.
. N - . N -
Most Frequent G,e n Pediatrician .eur.o' Most Frequent G.e1'1 Pediatrician .eur.o.
Practitioner Pediatrician Practitioner Pediatrician
Referral Presenter
Surgeon 14% 15% 8% Parents 41% 79% 54%
Pediatrician 2% 10% 71% Teacher 1% 2% 0%
Rehabilitati Self
ehavriation 3% 2% 4% ¢ 1% 3% 0%
Clinic Referral
Gen. o Social Institu-
40 0, 0, 0, O,
Practitioner 3% o 0% tion 0,3% 0,3% 0%
Neurologist 1% 0,3% 0% Sports Coach 0,1% 0% 0%
other 14% 33% 4% other 3% 7% 42%
n.s. 62% 36% 13% n.s. 46% 9% 4%

3.2.3. Networks

While general practitioners stated neurologists, pediatricians and children’s hospi-
tals as most prominent in their professional networks, pediatricians referred to neurope-
diatricians, child and adolescent psychiatrists and other pediatricians (see Table 3).

Table 3. Network contacts as stated by the different specialties.

Network Contacts G.e n Pediatrician N.eur.o-.
Practitioner Pediatrician

Neurologists 68% 24% 33%

Neuropsychologists 5% 2% 50%

Neuropediatricians 10% 83% 79%

Surgeons 56% 53% 46%

Pediatricians 56% 57% 79%

Child and Adolescent Psychiatrists 32% 66% 83%

Child and Adolescent Psychotherapists 21% 55% 75%

Youth Welfare Offices 24% 56% 58%
Kinderneurologie-Hilfe (Neurological o o o

Assistance for Children) 3% 6% 13%

Social-Pediatric Center 22% 79% 79%

Children’s Hospitals 53% 87% 92%

Other 5% 4% 13%

3.2.4. Postgraduate Training

26% of general practitioners, 51% of pediatricians and 88% of neuropediatricians self-
reportedly took at least one postgraduate training on TBI.

3.2.5. Knowledge of Severity Assessment Scales and TBI Guidelines

About half of general practitioners (54%) agreed to be aware of severity assessment
scales and 30% quoted a correct scale. A total of 77% of pediatricians agreed with 50%
giving accurate statements and all neuropediatricians agreed with 63% stating a correct
scale. All respondents referred almost exclusively to the Glasgow Coma Scale.
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Knowledge of guidelines regarding pediatric TBI was stated by 80% of general prac-
titioners with 4% quoting a correct guideline, by 56% of pediatricians with 25% with ac-
curate statements and 86% of neuropediatricians with 54% stating a correct guideline. All
respondents referred almost exclusively to the guideline of the AWMEF.

3.2.6. Recommendations and Interventions

The majority of general practitioners (81%) stated to give recommendations for the
first 48 hours after an acute TBI. Most recommendations referred to observing symptoms
as well as physical and mental rest. About the same recommendations were quoted by
80% of pediatricians as well as 63% of neuropediatricians with 94%, respectively, 75%
stating to give recommendations.

Only 3% of general practitioners, 12% of pediatricians and 42% of neuropediatricians
stated they give recommendations for returning to school or job after TBL

Giving information about symptoms that require reexamination and giving infor-
mation about long-term effects were mostly stated as always performed by respondents
of all specialties. See Table 4 for a complete listing of frequency of interventions.

Table 4. Frequencies of interventions among the different specialties.

. Gen. .. Neuro-
Frequency of Interventions . Pediatrician e ..
Practitioner pediatrician

Never 31.3% 2.4% 14.3%

Information about symptoms requir- Rarely 11.2% 2.7% 14.3%
ing reexamination Often 5.4% 8.5% 14.3%

Always 52.1% 86.4% 57.1%

Never 87.0% 46.6% 52.4%

Handout of written information ma- Rarely 8.6% 20.7% 38.1%

terial Often 2.4% 13.1% 4.8%

Always 1.9% 19.5% 4.8%

Never 39.4% 16.1% 23.8%

Handout of specialist contacts Rarely 18.7% 38.3% 42.9%
Often 26.5% 32.8% 23.8%

Always 15.4% 12.8% 9.5%

Never 34.6% 12.8% 14.3%

Follow-up appointment Rarely 18.7% 54.0% 33.3%
Often 26.8% 25.3% 33.3%

Always 19.8% 7.9% 19.0%

Never 31.8% 6.4% 14.3%

Information about long-term effects Rarely 12.4% 13.9% 14.3%
Often 13.4% 21.2% 28.6%

Always 42.4% 58.5% 42.9%

Never 56.8% 27.1% 25.0%

. . Rarely 21.3% 43.2% 30.0%

Adpvice to inform school Often 12.7% 20.1% 35.0%
Always 9.2% 9.7% 10.0%

3.3. Knowledge and Self-Assessment

Nine symptoms had to be assessed for if they were typical for an acute TBI, with
amnesia, sedation, vomiting, imbalance, headache, sensitivity to light and vertigo as typ-
ical symptoms and heightened appetite and urge to speak as untypical symptoms. For
long-term effects, seven symptoms, with memory disorders, concentration disorders,
nervousness/irritability, sleep disorders and behavioral disorders as typical symptoms
and back pain as an atypical symptom, had to be judged. In a third block of knowledge
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items, the correctness of eleven statements regarding TBI had to be judged. Self-assess-
ment regarding TBI management was surveyed with six four-level Likert items.

Subgroup analyses of acute TBI knowledge items revealed a significant difference
between groups (H=34.4, p <0.001). Post hoc comparisons showed a significant difference
only between general practitioners and pediatricians (p < 0.001) with the latter classifying
more symptoms correctly. Analyses of long-term TBI effects knowledge items also re-
vealed a significant difference between groups (H = 8.6, p = 0.014) with a significant dif-
ference between general practitioners and neuropediatricians (p = 0.023). Neuropediatri-
cians classified more long-term effects correctly. No significant differences between
groups were found regarding the third block of knowledge items. Self-assessment dif-
fered significantly between groups (H = 108.7, p < 0.001). Neuropediatricians assessed
their competencies higher than general practitioners (p < 0.001) and pediatricians (p =
0.024) and pediatricians higher than general practitioners (p < 0.001).

4. Discussion

This study is the first data collection in Germany systematically evaluating the out-
patient aftercare of TBI from a practitioner perspective using a postal survey and a repre-
sentative sample of established general practitioners, pediatricians and neuropediatri-
cians.

Nearly half of the general practitioners and most pediatricians of the survey sample
treated at least one patient with an acute pediatric TBI while long-term effects seemed to
be treated slightly less often. Given the incidence of 581/100.000 TBI among children and
adolescents, this does not surprise and stresses the need for general practitioners and pe-
diatricians to be prepared for outpatient TBI care. However, the survey showed that many
general practitioners are not aware of the Glasgow Coma Scale and do not assess all typ-
ical symptoms correctly. However, most respondents of both specialties know and give
correct recommendations for the first few days after an acute TBI and also provide infor-
mation about symptoms requiring follow-up visits. Recommendations for returning to
school or a job seem to be given much less, as well as handing out written information
and contact data of specialized physicians.

Pediatricians with and without neuropediatric specialization appeared to be better
informed about TBI treatment than general practitioners. Nearly all pediatricians stated
to have treated at least one acute TBI in the last 12 months. In contrast, only half of the
general practitioners did. While this also could reflect a tendency of pediatricians to diag-
nose TBI more easily than general practitioners, this could, besides the medical speciali-
zation, reflect differences in knowledge about diagnostics and treatment. Differences re-
garding professional networks and attendance of training could also be due to the fact of
general practitioners being less frequently established in urban regions.

The results of the survey should be useful to optimize outpatient care of TBI for chil-
dren, adolescents and young adults and facilitate the conceptualization of postgraduate
training and information material. Increasing training opportunities seems to have partic-
ular potential as 75% of general practitioners and half of pediatricians stated to have not
attended a TBI-specific training yet. Further expansion of professional networks involving
practitioners and information centers could also have a beneficial effect on improvement
in outpatient care.

Although recommendations for reintegration to school, kindergarten or jobs already
exist, many professionals do not seem familiar with them. Written recommendations
about reintegration, further treatment options and possible long-term complications
could be useful to inform practitioners as well as patients and parents.

A limiting factor for the study was the low response rate of 9% among general prac-
titioners which is unfortunately common in physician surveys. Moreover, physician sur-
veys only may reflect a specific aspect of care conditions and come along with other biases
as opposed to surveys focusing on the perspective of patients or parents. In particular,
evaluation of care quality by patients seems to reflect attributes of the physician and of
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physician—patient communication [15] and, therefore, neglects other aspects of profes-
sional quality. Nonetheless, the perspective of patients and parents as well as objective
data such as health insurance company data might be useful complements to this survey.
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Appendix A. Questionnaire

1. Wie alt sind Sie?

0 25-35 Jahre
U 56-65 Jahre

0 3645 Jahre
U > 65 Jahre

U0 46-55 Jahre

2. Welches Geschlecht ha-

ben Sie?

O weiblich O méannlich 4 divers/andere

3. Inwelcher Fachrichtung

Q Padiatrie ohne Q Padiatrie mit Schwerpunkt

4 Allgemeinmedizin

sind Sie tatig? Schwerpunkt Neuropédiatrie Neuropadiatrie

4. Wie lange sind Sie bereits Q 0-5 Jahre 0 11-15 Jahre
0 6-10Jah

als Facharzt tétig? Jahre Q >15 Jahre

U Landliche Region

5. Inwelcher Region (<5.000 Einwohner) U Kleinstadt (>5.000 Einwoh- 0 Mittelstadt (>20.000 Ein-

arbeiten Sie? U Grofsstadt ner) wohner)
(>100.000 Einwohner)

6.  Wie viele Kinder und

Jugendliche kamen im letzten 0610

Jahr mit einem akuten (Akut Q0 a1-5 0 21-50

wird hier definiert als: bis zu 720 11-15 4 16-20 Q mehr als 50

Std. nach dem Ereignis) SHT zu

Thnen?

7. Wie viele Kinder und

Jugendliche .haben Sie im Qo 015 a6-10

letzten Jahr im Rahmen von 4 21-50
a11-15 4 16-20

Nachsorge-untersuchungen U mehr als 50

nach einem SHT behandelt?

8',. VYer haf in den .melsten Q Allgemeinmediziner 1 Chirurgen O Neurologen

Féllen iiberwiesen? Bitte .. .

. g U Rehaklinik U Padiater U andere:

kreuzen Sie den hdufigsten Fall

an.

9. Werhatin den meisten 4 Eltern U Lehrer O Selbstmelder

Fallen den Besuch initiiert?
Bitte kreuzen Sie den
haufigsten Fall an.

U Sporttrainer U Soziale Einrichtung U andere:
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10. Kennen Sie Skalen zur
Einschdtzung des
Schweregrades eines akuten!
SHT?

U nein

Wenn ja, welche:

11. Kennen Sie Leitlinien zur
Diagnostik und Behandlung  Qja
des pédiatrischen SHT?

U nein

Wenn ja, welche:

12. Haben Sie in Ihrem
Netzwerk Kontakt zu
Fachéarzten oder Anlaufstellen

U Neurologen
QO Neuropsychologen

D . .
in der Umgebung? Bitte Neuropadiater

kreuzen Sie alle zutreffenden Q Chirurgen

U Padiater
an.

Q Kinder- und Jugendpsychi- O Beratungsstelle Kinderneu-
rologie-Hilfe
U Kinder-Jugend-psychother- Q SPZ
U Kinderkliniken
U Sonstige

ater

apeuten
U Jugenddamter

13. Haben Sie schon einmal
eine Fortbildung zum Thema Qja
SHT besucht?

O nein

14. Haben Sie im letzten Jahr bei Kindern,
Jugendlichen oder jungen Erwachsenen mit einem
akuten (Akut wird hier definiert als: bis zu 72 Std.
nach dem Ereignis) SHT die folgenden Maffnahmen
durchgefiihrt?

(a) Aufklarung tiber Symptome, die eine erneute
Vorstellung notwendig machen

(b) Schriftliches Informationsmaterial zum SHT
mitgegeben (z.B. Flyer)

(c) Kontaktdaten von Fachérzten oder anderen
Behandlern weitergegeben

(d) Termin zur Verlaufskontrolle vereinbart

(e) Uber mégliche Spatfolgen oder verzogert
einsetzende Symptome aufgeklart

(f) Empfohlen, die Schule/Lehrer zu informieren

15.  Welche Symptome sind typisch fiir ein akutes
(Akut wird hier definiert als: bis zu 72 Std. nach dem
Ereignis) SHT bei Kindern und Jugendlichen?

(a) Kopfschmerzen

(b)  Erbrechen

(c) Bewusstseinsminderung

(d) Appetitsteigerung

(e) Lichtsensibilitat

(f)  Schwindel

(g) Amnesie

(h) Rededrang

(i) Gleichgewichtsstorungen

16. Welche Symptome konnen auf Spéatfolgen
(Spatfolgen wird hier definiert als: anhaltende
Symptomatik 6 Monate nach dem Ereignis) eines SHT
hindeuten?

(a) Konzentrationsstéorungen

(b)  Antriebslosigkeit

() Gedéachtnisstorungen

(d) Reizbarkeit/Nervositat

Gar nicht

(W]

O 0 0O O

Typisch

ooOod0ooo0O0dOo

Typisch

Ooo000O

Selten

O

O 0 0O O

Untypisch

ooOd0ooo0O0dOo

Untypisch

oo00Oo

Oft

O

0O 0O 0O O

(W]

O O O

Q

Immer

Weif$ nicht/kann ich
nicht beurteilen

[ iy iy Sy iy )

Weif$ nicht/kann ich
nicht beurteilen

000D
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(e)  Verhaltensauffalligkeiten

(f)  Riickenschmerzen

(g) Schlafstorungen

17.  Bitte beurteilen Sie die folgenden Aussagen zum
SHT:

(a) Bewusstseinsverlust ist notwendig fiir die
Diagnose

(b) Neurologische Symptome sind notwendig fiir
die Diagnose

(c)  SHT entstehen immer durch direkte
Gewalteinwirkung auf den Kopf

(d) Leichte SHT sind in der Regel im CT unauffallig
(e) Mehrfaches Erbrechen kurz nach dem Trauma ist
in der Regel unbedenklich

(f)  Erneut auftretende Bewusstseinsminderung ist
in der Regel unbedenklich

(g) Sportliche Aktivitdten konnen nach leichtem
SHT am selben Tag wieder aufgenommen werden

(h) Korperliche und geistige Anstrengung sollte in
den ersten 48 Stunden vermieden werden

(i)  Sportliche Aktivitdten diirfen erst bei
Symptomfreiheit wieder aufgenommen werden

() Kinder benétigen meist eine langere
Rehabilitationszeit als Erwachsene

(k)  Wenn das Kind innerhalb der ersten 48 Stunden
symptomfrei ist, ist keine weitere Nachsorge
erforderlich

18.  Geben Sie Handlungsempfehlungen fiir die
ersten 48 Stunden nach einem leichten SHT?

19. Kennen Sie Empfehlungen oder Leitlinien zur
Reintegration in die Kita/Schule/Ausbildung?

20. Bitte beurteilen Sie die folgenden Aussagen:

(a) Ichbin der Meinung, dass ich ein akutes (Akut
wird hier definiert als: bis zu 72 Std. nach dem
Ereignis) SHT erkennen kann.

(b) Ich weifs, welche Diagnostik bei Verdacht auf ein
akutes® SHT angewandt werden sollte.

(c) Ich fithle mich kompetent, die richtigen
Handlungsempfehlungen fiir die ersten 48 Stunden
nach einem leichten SHT geben zu konnen.

(d) Ich fithle mich kompetent, die richtigen
Empfehlungen fiir die Wiederaufnahme von

Richtig

Qja

Stimme
gar nicht

zu

Q

a
Q
a

Q

a a
a a
a a
Falsch Weif3 nicht/kann ich
nicht beurteilen
a a
a a
a a
a a
a ]
a a
a a
a a
a a
a a
a a
Wenn ja, welche:
U nein
Wenn ja, welche:
U nein
Stimme Stimme .
. . . Stimme
eher nicht iiberwieg-
vollkommen zu
zu end zu
a a a
a a a
a a a
a a a
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kérperlichen und geistigen Aktivitdten geben zu
konnen.

(e) Ichbin der Meinung, dass ich mégliche
Spatfolgen (Spatfolgen wird hier definiert als:
anhaltende Symptomatik 6 Monate nach dem Ereignis)
eines SHT erkennen kann.

(f)  Ichkann bei Nachsorgeuntersuchungen
einschétzen, welche weiterfithrende Diagnostik a a a a
notwendig ist.
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